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w m m 

[oooi] Ttrnmiz. m8L&.Tfimm±<Dmm\zy£&m8tu ^%^^Y}V(n>mwm 
[0002] (D&mmfefrbmikuu&mmzx*), &ghz&l-t\z3$\,^xi& > lcr 

[0003] mm&mmiz&vzmmmnmmmz&^x^ -mz&m&m&m^btix 

»t2j#fla)o ^^^i«9, o.ighz— ioGHzmmz&tfz>mmmn&fflfe&*sm 

m. ^^xmmtcif(D^^n^t^mm^t^^^^ 0 
[0004] £tbiz.n%ffl$mm&\,^x, mm±(Dmm(Dmmmmm^mM-r^tz.tt>iat, &m 

0l«*Sr^ae>TV^(«^.«r, TSSr#fp^cm3j#M) 0 Z.(Djfm\c£Zb, 1GHz- 
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[0005] ±&<DmmmRxfi&m&miz^ ^-as, m^Mc^mK^^tc^^ n 

[ooo6] wifeirzumzmx.zM&&^2<><D#mmm7£m&&z>o m&^m 

iznm&W:trjjmx*&v), nmK^mm-r^mx^ 0 
[0007] 2-D(Dm^WKXY>un^^^ -^(Dm p bosmmw^^pi p 

mmnmtimx\^m7L\z. Tie r^f^itej wmm^ 

mtmttl. mfommfeX'&Zo ^<7)jfW;K£Z>b, lGHz~100GHz(ig;ft-Ci$3mm) 

[0008] mmmmmmmfDtiisbia^ &mmm>bmm&mKfafr?Tm^mfemti-z 

[ooo9] mw\zft&mHvx*<Dm<Dyt^&jj&® mm^txnm^) mmmmm 
&#L#>z>jjmz.%>\,^x\^ m.m<Dmz%d, ^t<Dmiff^nt\,x, wife&M&xt-t 
z>k. n&/x(Di£^b^\z.E, mmmmm^mfetmMKteZo -tin. 
xhv, &<DKiumm&mQtezt£&bm/vx^<i)K nmm<ttt. m^tnd 

[ooio] mwtenmz.yt$:AM£-&x. ^mm^^w^mMvxmm^mmmmm 
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&#:tb£?b-rz>f%. mm<Dm£*m<te<o. mmmm^M<^t^ t^mtrnm 

ZhmtfrW^tl^frHOO u mi:3.4155-C% ^(F) (DW-iSbmtfxWtft^fhOA n 

[0011] mi(aMAM&n&5vmffl%(tpfcKft)Xnd/X =0.UXW. Ell(b)-(d)(C 
(J^^&V^Cte. 60GHz^{gT*h nd/X =0.00014-Cfc5 o ®Kc)£(d)f;i:k^ 

mmu<D^bx&z> 0 

[0012] g s^F^as, iasAi^^^(-^{t^Mtif^^M*istm+B^E^'j^-r 

x.\*. TsBr##fp^2j#^) 0 mfeAMftmizzzwimmfc&^xte, 
^s-e^So AMft&%mx.z>ijmfc3o\,^xte, *.*^-RMm<Dmmtdrtx& 
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[0014] g &Qmmiz.£%mfe<Dffim-£—mzi&\,\ ^tvMx<Dhy^—^it, ->v^ 

^x/jJ^b925GHz( X =324 » m) 0^^y^^#tLT^yrr.^-^^BU^ "C© 
CLC£>R#c£>nd/ 1 tfMftte, 0.02 T?fc£ 0 

[0015] ±^oi9i-, mHWjmfeWtfrbMm^xh, ^mm^m^hmm^x^ m& 

#^30GHz— 3THz (i&ft^lOO ju m— 10mm) O^T^^_h(D^(D^^fim^^ 
[0016] m^ififav-^^^Jffl^TV^jgig^^^LT. 1.9GHz^F N 2.45GHz^f<Z) 

^^^crjg^^^ioGHz^o^y^^^^ m^fvfc&m-z. s*—y 
htix^z> 0 wvmmmt. MmmmLAN<DMftmmm&im<9%xbivx 

[0017] $fb^i^}£<£>30GHz~3THz<D^te % ^^llSIIS^^^^^fcSo 

50GHz^<D=3— FUXmm^TJ*<DW9ZM$&, 6OGHz^A£&.t> ? 76GHz0ig&<D» 

^±mMm^-^mz.m^mmmLA^<Dm^mm^^x\ mnmm&m 
<D^fmm^mn^tix^^ 0 zbKmm&mm*. mvtKm^xn^ vm-y-y 

[0018] ^i^llt©, T^W^iftSMfcffc. «Bfl:^#V\ ^fft^-.'M^-rS 
[0019] Ld>U ¥ig.m<Dfa±.\a*, Wm&ffitci1rXltt<^ ^tb^iit5fc*(DlliI^ 
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=F&mx&z> 0 

[0020] wm&s.mte&\,^x^ Kwzfa%^2^<DW&(^a>^>^—)<owz$*m 

[0021] =?-wmz.te^x^ ^m^^—^mx.\tm^m^mmvx. nm^h^m^t 
m£tf&~&z> 0 ^<Dftmm&m*nwmm±x**^^x±m<D¥&m%&#>x 

[0022] mE%mi\&*hX\ ^WiJPI*Sl?MX't5¥fiSit> 1^5 n mtfcS (M 

m^xtYmvx, ^(Dm^^m^vxmm^miE^^xm^mm^^h^. 
m^xmmmm^miELtc^^<DmiEm^W:Wvfc^mxmmMj:^^ 

[0023] #fF^ifcl:#H 2002-286771-^3$ 
#i*3Cjtfc2 : #|g^l 1-166952^^ 
#fF^3 : #^2002-228600-^-^ 
#fF^4 : <&m 2002-2 14 1 6 1 #43tfR 
#fF^5 : #§f§ 2000-1 93608^-^ 
#fF^6 : #§|5piO-281 710^-^ 
#fP^7:#PB5p8-216016^-^ 
#fP^Cm8 : #^sp5-3 1 5307-5§-<&f& 
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mmjctoizmmtm* vol. i8,Noio, (1998), p.47 
ttm^xm-.n+mmmm^rnxm, b-ii,voi. jso-b-h, noio, (1997), P .906 

##W:£itfc3: Applied PhysicsLetter vol.74, (1999), 2113—2115 
^•0)pl38-156 

[oo24] mmfflG<Dmmz&frx&£wt.i><D'i*3b<>x, ^&<Dm&mm<Djr 

m& rtticiov ^x\mxmm*?z> 0 ) mm<Dmmmn,m<Dmmiz.*trzmw&*: 

zz&mx&tu*. mm<D^m^mm<ommmmxm. situom&^mvtcitxD 
mmkLxmmikv%zz.kt>*ib. 30GHzxw^mxmm.±<omm(Dmmmn^ 

mmmmm<ommx^ ±m<Dnm^mmx^^\ ^.(omm^^xn, 
(D^mmtmm±<om^<Dmmmmm(Dm^m\^mmmmxm^x^ mm<D 
mz&i n m&rx&<>xhmmnnmm7£x%ttm&xfimw.&&&-rz>z-k& 

[0025] WT^^[0026]^)^[0033]*-C«, ^t<Dmm^X^M^m^^^Xm^ Wi 
^[0034]>9^[0044]^Tii. yt<Dfr%iK£ZM&:3 k mzo\,^xm^Z 0 

[0026] <mm<Dm&> ^m^mmtmmxh^mm^^^x^mmmm^^jm 
[M 
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cN 

V = 

s s s 

cN 

' 2d, Jn* -sin 2 8+2d f Jnj - sin 3 0 

f s 

[*3] 

Av - sin 3 5 

v, d^nj -sin 2 0 

[0028] ^^^(High-^^^^oV^T^-fBmoT^o SK^^fi^ 

y=i^(n=3.4, d =700 a* m)^ S»JR (J?$d = 1 /i m) ^JR<©«t5*High-fcH"|Sf© 

s s f 

*§-g- ^ fin — 1 00X }tttlEX±ffi *J$&X&Z> 0 ^tf>f£§\ 65GHz#3ff<D5ySt^rSa:A 
^-CM*rbfc^±fSt°-^MjS^:M A v te, (lfc3);^ -2.7GHzt3fc;£3 0 — jf 

&tm^m&\M, v-rmwimK lyy^n^my* (=-2.7/03) i&m&m 

, B(a)-ew\ tr— ^e«i7y^cfi-e«§<i3%, ®i(b)-ete&>i.5%, %:ti?ti& 

[0029] ^(C{£fim#:(Low-k)J^(D#^(c:oV>-C^moT^o mmifiMX.tt*sV=*>> ( 
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n=3.4 s d =700Aim)~efc!9, Wm0£^=l»m)&i/V&<Df^4kM(SiO)<D£ 

s s f 2 

oteLow-ktfmz&^Xte. n = 1.8X$>Z„ r©^, eSGHzttjacD^y^Att^ 

f 

s 





OS 


6 om 


7 OJg 


8 om 


8 5JS 


9 om 


A v (GHz) 


-0.0492 


-0.0447 


-0.0436 


-0.0430 


-0.0428 


-0.0428 


v , (GHz) 


63.0252 


65.1749 


65.5796 


65.8479 


65.9182 


65.9419 


A v / v i 
(X) 


-0.078 


-0.069 


-0.067 


-0.065 


-0.065 


-0.065 



A v / v =-0.04916/63.02520) LaM£J3ft$fcflB~^fcL>fcl \ Z.<Dttlfr K&X 

s 

*l©tmtfJl*5V^tt, Vy=^<D^©^(D^gB^^r^(Dg[ (n =3.4) jfi 

s 

V^„ £^ &l<Dm3ft @ ( v ) te, fg-# @ CO^y^^K — ^$t|fc(N=l)-C\ 

S 

$p>(^y>^t°-^^PST^^„ 

[0030] S<lI|R]£Ptfg[pJ<D^a«(TsiTp) ££Ut*(Ife£Rp)<BAl*££tfe#te«:K2fc:^ 
i~ 0 ri-Cfi, ^y=*>^|£(n =3.4TM =700/i m) ^60GHz(D^y^^^ML^-^ 

S S 

■test. mmm*. 3ommm^>nm^w>^«>. Q08mm.frbm'p<om.&^* 

xm±mzt£^tzmz, Amn^m^^t^ mmm^m^m^x, mm 
xmttox^Zo 

[oo3i] ®»[oo29]d^, ^rt^^ms^^fef-m^^y^cot 0 --^^^^^ 
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<„ ^(Dx^^m3iz^i- 0 Amnm^eo&^mx.^ m<tezm&\<^M>mbft 

oTV^ 0 

[0032] ^1^2tr( A v )j&»£>* £tR££ffi±©3S?*iK:*3V v-Ctt, -toSifi^^h^ 
©fcr-*<0M«#tt-r 4vO V5 0 S«©i(6*f Sifi^^h/v (T(S)) £Sl£-h<£>?iBt 

T(S))&£5fc, ft^tft/J^^»®8Ufe*»S#e>ti / 5 0 -<7>#^-^|g4(a)i:(b)(C 
£r&K0>31ifi;*^K^ < j&H) T?fc3 0 I34 (b) ©ft^tft/JHg^ 

s 

3.4155+iO.OOl-Cd =700 /x ^-THME^y^^llftllftiROi = 1.812+i0.001-Cd = 

S f f 

20 m) tVtCo Sl£(700 ji m)±CO20 n m^<DmWm.Pc\^ Att^SOST'AtJL 

ftAfiii:^/J^il:O^Pi«20.5GHzT^$5%(Dl: 0 — A*tftfi70& 
-CWU ft^i:ft/J^©|18BSH:4.45GHz^ias £l8%£>fc°— A*f:fcS£85fif 
(!UiJp$*5^ % ft^ti:S/J^it^F^fii«2.25GHzT^$70%<Dt°— ^#S*u5 0 ®4 

[»4] 
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cN 

v = . - 

2d, ^n? -sin 3 6 

smomZs mm<Dmmm. AMnmxfy% 0 mm^ mm±<Dmm 

cN 

v f = = , ----- 

2d s Jn] - sin 2 6 + 2d f ^n* - sin 2 8 

[oo35] &m<D^h^mmmt^<Dmmmm^mm\.tz.m^\^n^b^mmm<Dm 

A v (=vFvs) (^TWAM^Mjtv^o m4)b(m5)frb#i~£V). 
me] 

Ay d / — sin 2 0 

[oo36] r^T\ ft v ^ft'tt^^w^^ov ^famot^o aaRtfmtfvy 

3^(ns=3.4TMs=700At m)-C\ 5»JBI(J¥$df =1 /z m) &&m<D&5t£M)< N $i«^<£> 
ftlSfM&V^Cte:. nf— 100^V^«tvW_b^Brtg-efcS o ^(Dm. 65GHzfti£<DVJ 

seu =4,600 iim)&mwj&^mtoutm<DtfhJ*m&&mi. m6)frb. - 

2.7GHz£3fc*5 0 — ^> (*4)3&^S«<07y>^©^hA^jfe*C«: % 63GHzt^*§ 
=-2.7/63) iSMStffiS— "f tU5©-efc«*^, ^tU3#* (DfW^Ht^^M'S: 
Sr3fc#>5^£:;&5-C#5o nd/l =0.02-e&!9, Blto£01(b)©*ra©iK"e*>3 

o 

[0037] ^{Ci£Mm^ (Low-k) JR©*a-t31oV ^t|,Sot% ^K^Ri^y^ ( 
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ns=3.4-eds=700/x m)T\ ?*|R(J£$df=l i*m)&i/!)ais<nftmiU&(SiO )<D£y 

2 





OS 


6 OK 


7 Ojg 


8 OS 


8 5S 


9 OJg 


A v (GHz) 


-0.0492 


-0.0447 


-0.0436 


-0.0430 


-0.0428 


-0.0428 


v , (GHz) 


63.0252 


65.1749 


65.5796 


65.8479 


65.9182 


65.9419 


A v/ v • 
(*) 


-0.078 


-0.039 


-0.067 


-0.065 


-0.065 


-0.065 



A v / v s=-0.04916/63.02520) U$Mgjg^MlJ-^£UfeV\, ^Ofcfe^#^ 

[0038] H2tt. SfilftirPfiSft^i^ (TsirTp) £B£t*s£ (RsirRp) oAWASft#ttTfc 

(r s ) K^g-rs^ Atms^*:t<#5«£v\ 3oaes«d»e>*pfc 

(Rp) ^75S#aff0^y^^-^^-e^/J^{^ofc^{*, At^S^lf *n 

[0039] ^[ooazjd^s^rt^^m^ofcfe^m^^y^^^M^^v^ 

^^[0038]^^^hAM^^^{*i 3! tb^iSm^*5VNT«, Att^S^r 
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*r05K:^r„£©|gte*3Vvrtt. Mffi8t&.0 o (♦X60° (A). 70° (•). 80 

° (■)^85° mm<o&ft&v<omtox^?hsi'&m&mz&vx'7vyhL,xjbz>o 

[0040] as¥[0037]OS2©^2fT( A v)£>^ g^S^O^^^T^ ^£>S 

it*^-^h^©ai?hA©«jft*t±f tt-a ^„ #s<^ Amnm mxm xmm?> 
m&mwti^trwv (r(s» bmm±nnmm*<Dmtt%iMx'<?h^ (r(f/s» 

fc, ft/J^g^ft^cfii^p^bfefta^#^^o n©J:5i-Sria6(a)«b)^-ro 

tHttC}8lvri3\ S^^y=3V(ns=3.4155+i0.001-eds = 700jum)^U ^^i/ 
y^<Z)f|^fbjg|(nf=1.812+i0.001-tMf =20 /z m)irLTV^o ®6(a)»C*5V^tt % 
Aft^S^Oft, 70^85^(D£#tf\ ^±0^<3D^K^^h/K^) 

i:®K©J6*fSI*^^h/KjStjift)-cfcS 0 06(b) W:, &&8tr*?m<DX<<*h/i'b 

MM<D^?YA'<Dikx&>z> 0 z.<omK&\*x\&^ wmn. i$w.xn^x-hz> 0 m 

^e*>5 0 ££>K:, ^/J^it^ft^itoi^^m^-^-e, io,ooo%^§ 0 ZL&ftZktt 

. mmoo32-]tm4( a )t(b)x^t^ mnm^^w^t^<m^x\^ 0 ^ 
x-<D$irmzts^xt&, mmtmm<Dmx<Dmmmm(k)&'€vxi-i.%:<, k=o.ooi£ 

LTfUfUt, Ztlfe. [003 7] Xm^<fc£? k=0^*5Vv-a3\ 5tW#>A 
^»*L-Cb*5fe«)-C«>5o ^©Ic^^V^ffc^rllBK^^t^ k=0.00l£:mi> 

/Co 

[0041] ®R©m««aiCkdS^n^±©#|S©^l^tt % **R^^_h<D^(DStt^ 

[0040] #M) &kZk, m&miz.t±m6(b)kmttetj:Z 0 

[0042] mm<Dmm&md£^v&±.(Dmm<Dm<nm-z, WR±<Dmm<D^.mm^^b 
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R(F/s)/R(s))^^^>i, m±m&. m£—fex~foz>t)K m^mi^ ±&z><> r<z>ff-fr 

®i%k*m7<D (a) t (b) \Z?jkir 0 07 (a) «A#t^S70ST^J^O^«#^ 

V^ 0 117(b) te, kirS/J^fi(DP#^n^hL^<D-efe5o M'Hm$k<Dmi]m£V) 
A#<&5^ Z.<DmmA%iftmazbA,b*£t>te\< ^btffr>frZ> 0 
[0043] IiOS^^^t</£5l:fv^»^^^h^t4, (ifc6)J;<9. 

/hffiora^Eggi^^<^-^^^^ o -(Dff-^^|g8(a)^(b){^i- 0 Els 

(a)^Amn^7omxmm<Dmifrm^n=iAi2^hn=3Ai55^xm^b^<DnM 

/Mitte, te«»«K:'X7hLTV^ 0 IH8(b)fi*^it»/Htt(DF^(Djl^^^ 

[0044] mm(Dm^m^t^(DmM^m^^w>(D^mcR^irmmn, 

9 (a) £ (b) }^i- 0 SI9 (a) tZ*Mftgt708tTmm<Dm&&d&l » mfatb20 n m&X 

Ell^&sas, */JHBttte«*«i!:s^7hb"Cv>5 0 H9(b) tt*^:ffifc*/JHft«>ra 

[0045] ±3*©j:5»j:, nfzmftmfeKfcb?fc¥#)ftmfe\z£Q. nm&mzm » m&L 
rxh^xhm&±(Dmm<Dmmmmm%w\7£-rz>z.b&x%z> 0 

[0046] m im\BJ&iz&vzmfctmR±<Dmm<Dmm%&<<?b/v 
mz]*&&m^£itk%<Dmfa<Qm&mx<<?b/^ft 
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[04] (a) mmtmm±<Dmm<Dmtt mmm*<<?bA*>AJttftffl&tm (w z.tib 
[me] (a) &Rtmm±<onmwtmEatt&^b/w^A&mm a>) ^tih 

[07] (a)S«t^±^^0(Z)+B^JW^-<^^KD^©^^^#tt, ( 
0 

[08] (a) SititlClgOHW^h/WlgOiMa, (b) 

[09] (a) m^tmm±<Dmm<D^M^mm^^h^(Dmm<Dmm^^ (b) r 

ilL-r^ e n 5 /hbfc0 

[0lO]3fe^3©^J;§1SmM«^ay^g©«^0(^«Jl) 

[011]S^ftT*7OSAtJ<DB#<Dffi^j&^^ 

[012]A*f^S^^ci^S{g3fe(O+i^ig^<DaiJ^m0 

[013]Att^S85S(C^V>T^ffiJiT^^^^^c^#(D^^i§^(OS!j 

^^0 

[015] (a) AmfimtflOmztetf^ i5$700 m mOv-y^^gi-^slSii^Ji: 
$20/xm(DSiO ffim(D*:tl^tl(DRMs<7— ^i"0, (b) ±IS^^h/KDtB*j- 

2 

[0047] 10 mm^«^?l'J^^® 

11 ?fc|Sf 

12 « 

13 mmm 
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14 *jj~lj;v^-ny'< 

15, 17, 20, 22 V^X 

16, 18, 19, 21 TVS — ^■■Y — 

23 ?9>f1f— -Rlftfe^— «*» 

30 Att^ 

31 

[0048] £ATK. ISWS:lllfe-rs^«)©ft^(D^tlSSr*-r o 

MM i 

[0049] <3fe©giBl;:±SH!fe0!l> ^WlJi«*>«3te©3*»tJ:J:«**f|«*ai)go^ 

Rfc^tf (BWO))«rfflfcCW3fcW\ ^^A^a^-?l4T?»*aEWSr5lt5o ^ 
Xl5£T^— 16&ifiiflUfc3tett, ¥fi$tf-ft3o W|BHi©|trffii-Cl^>'Xl7tT 
^— 18^«t«9$t3|5f-ffi±^3te-t-5 0 r.©A**»30K:i&»Cj££TaK— ??>f 
If— (^©BUcjsvvcri* 3m)t3fe^T7— ©«*»(r.©BHc*5V^tt % «)£A 
tL5„^^iiLfc3fe(O^^l/^X20^T^^-^-r— 19-e^{fLT3pffig[{Ci-^ 0 
^03fe^i/^X22^Tx^— ^-y— 21-e^:(tT^t±i^l3 (rom^V vCtt^ =*— W— 

±m KMft-rzo xto&mmtt. fam^xm^m^immtsnxmrn^ 

(Dmiz^^Xfe.mmiz.MitxhZ> 0 m+feAMikm&mx-ttM^ itblel^ 

^-^(^dehc&vv-to, mm \z.m&xfrv, mmA(yW)<D®mz&miz.mte 
1©@ Kiisv >r ^ mm tm*M-T*b*Mft&mmL&i< f-x^&u 



WO 2005/050177 



16 



PCT/JP2004/017361 



mZAffttS&ZkZmZ. W>"Xl7£20te<£;b&V \ 
[0050] W.&44^X*m&700 n m(DisV=i>&U±K, J?£l0/z m<£>$^ffcI^(SiO ) 

2 

2 

^<Dit(mttMm^=T(sio /si)/T(si))^fefc 0 z.<Dm$k&mii<Dmmx*<i- 0 

2 

^(Dm^mnx^m^mtm^immm^tcmmM, mm^w^t^m. 
mm^^h/^m^mm.-r^^ &<<D^<Dmz.$>z>m7L&. ^[0023] 

<d r##i*p;£iiUj ) 0 ^.tih^xm^^mm^^h^ (Ts(sO) £v-y avo 

3fe^#[(ns=3.4155i!ks=0)^S«J¥$(ds=700 J[t m)^fflV^ff^U, St££^Jgia^ 
ftSffcjSf^iM^^M-' (Ts(SiO /SO) £?iffii<£>J¥£(d^20 m)bm$L<D%^fe 

2 

^h^^y^>^td^^mii<Dm%xh^ 0 zl<d£o icvx$ubtcmm<DMm 

®^{inf=2.00^kf=0.08-efc§ o Zfrbfab, l£^[0011]O§i#5££rffll^£, 
65GHzT*(DSiO m^m^WM^m^M £ 1=3.994, ^rO^gP e 2=0.32^* 

2 

[oo5i] j£^[oo5o]^cffcisf£;Bv\ AMiHm&mz-xmmistci&$k&mi2\c^-f 0 ^ 
(Dm^m^^^xi^ AMfim&om-4om(Dmiz.&^xn^ mMms&maz 
t/vt*mm<x. 6om. 70s, som. ^xssmbAMn&^m^^bmn 
mmmzmtix\,^n&tf!&M^x^z> 0 ^<DAftfimfc&m>m4(b)<Dmw&$k 
b&<—m&isX\,^ 0 
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